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SOMCAET 



An Investlflatloa vaa made of a plain aileron and a 1)alanced 
aileron on a tape3?ed wing vltli full -span duplex flaps, uhloh con- 
sisted of an Inboard BACA slotted flap and an outboard 1)alanGed 
split flap. Obe Investlgatlan vas made In the 7- l>j 10 -foot vlnd 
tunnel of the Langley Henorlal Aeronautical Lahoratoiy . Incranents 
of TiftTlimnn lift coefficient of 0.82 and iJOk vere obtained frcm the 
Inboaard flap alone and from the duplex-flap coniblnatlon, respectlveOjr • 
TtiO aileron vas as effective with flaps fully extended as with flaps 
retracted, "but a 30 -percent reduction of aileron effectiveness appears 
unavoldohle at Intemedlate positions of the outboard flap. If this 
reduction Is aoceptahle, the wing arrangement tested should he 
satlsfMtory. Xstlaated rates of roll and stick forces for the 
ajmngeonent cm a fighter alzplane are given. 



inroonocnov 



Increased speed and wing loading of modem airplanes have led to 
difficulties In obtaining hl^ lifts for lAnfling and take-off without 
Impairing lateral control. In order to obtain solutions for -Oils 
problem, the NACA Is Investigating^ on a semlspan model of the tapered 
wing of a modem filter ed.rplane, lateral-control devices that 
appeared premising frcm'vlnd-tunnel tests on a reotmgilar wing vlth 
a Bguax*e tip. 

The present tests were made of a plain and a balanced aileron 
on a wing with full -span "duplex" flaps ocnslatlng of an Inboard SAGA 
slotted flap and an outboax^ balanced split flap* Vhls work may be 
oonsldejSea"" aia oxjtenslon of the woric reported in reference 1 . A 
sliullu: arrancament Is to be flight-tested- Qie object of the wlnd- 
tunnel tests was to detennlne the lift aharacterlstlos and the 
alleron-cdntrol chamoterlatlos for various locations of the outboeurd 
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flap and for various emounta of aileron "balanoe • 



Bie stick forces and th9 rates of roll vera estlnatod for an 
airplane with the outboard flap In several positions along a parti- 
cular flap path* 



A semlspoQ vine model vas suspended In tlie J- "bj 10 -foot vlnd 
tunnel (reference 2} of the Laogley MemorleLL Aeronautical Laboratory 
as shown schematically in figure !• 39ie root chord of the model was 
adjacent to one of the vertical vails of the tunnel, the vesrtical vail 
thereby serving as a reflection plane . The f lov over a semlspan In 
this set-up is essentl6dly the seme as It vould be over a ccmplete 
vlng In a 7- by 20 -foot vlnd tunnel. Althou^ a very small clearance 
vas maintedjied bvtveen the root chord of the sbodel and the tunnel vail, 
no part of the modsl vas fastened to or in contact vlth the tunnel 
vail. The model vas suspended entirely from the balance froma, as 
shovn In figure 1, so that all the forces and mcments acting on the 
model ml^t be detexmlned. ProvislcBis vere made for changing the angle 
pf attack vhlle the tunnel vas in operation • 

The ailerons vere deflected by means of a calibrated torque rod 
OQonectlng the outboard and of the aileron, vlth a crank outside the 
tunnel vail, the hinge iments being dsteinlned tram, the twist of the 
rod (fig. 1). 

ISxe tapered vlng model used In these tests vas built to the plan 
fona shovn in figure 2(a) and represents the cross-hatched portion of 
the airplane in figure 2(b) . The airfoil sections vere of the HACA 230 
series tapering in thickness from approximately l^g percent at the 



root to percent at the tip (table I) • The basic chord, c , of the 



vlng model vas arbitrarily Increased 3/10 inch to reduce the tralllng- 
edge thickness and the last few stations vere ^efalred to gLve a smooth 
contour. 

The slotted flap vas built to the ox-dlnates of table H and had a 
chord of about 20 .7 percent of the vlng chord* The ordlnates axe given 
for the Isoot and tip sections. The flap vaa cut at the ^2 .3 -Inch 
station for these tests • The slot shape and flap -pivot point are given 
in table II. The outboard flap, consisting of a constant chord Clark T 
airfoil, could be tested vlth the nose in the positions shovn by the 
grid In figure 2(c) • T!he aileron had provisions for changing the bal- 
ance and consisted of a 1^ .^-pexxsent-chord plain cdLleron vlth a balance 
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plate attadhed to the noaa ocf tfao allercKi (fig. 2(o)) • TSib loalaooe 
plates. van tevarad along- th«..8pan of the alleroa to Blve the Tn a xina n 
"balance vlth the req.ulred dffflectlons • The "balanoe ohord Is the dls- 
tenoe fztm the hinge axis to a polat niairaar hetveen the edges of the 
seal vlth aileron neutral • 

All teste vers aiaOe at a ajUBmlc pressure of 9 -SI pounds per 
square foot/ lAiloh corresponds to a reOiooltj of a)>out 6o*Billes per 
bonr and to a test Beynolds nuiflber of atout 1,^,000 hased on tiie 
aerodjfnaiBlo dhoard of 33*66 Inches. 



BESDLTs AKD mscosazon 

Coeff Iclente and Correotloiis 

OSie ssnfbols used In the presentation of results are: 
lift coefficient (t/qS) 
C]) uncorrected drag coefficient (S/q?) 
Cql pitching-ncnent coefficient (M/qSo') 
Cj' rolllng-iBonant coefficient (L'/qhS) 
Cq* jawing-monent coefficient (ll^/qJbS) 
Cj^ aileron hIngennoDient coefficient (Ba/^^a ^a^' 
AC}^ Cj^ of up aileron mliUB of domn aileron 

c vlng ohord at any spanvise location with flaps retracted 
o' mean aerodTnanic dhord 



c^ aileron chord measured along airfoil -chord line frcaa hinge 
axis of aileron to trailing edge of airfoil 

balance ohord neasured frcat hinge axis to point mLdmj 
hetveen seal edge with ailerons neatral 

root*ineen'-sg;iiare chord of the aileron 
root-nean^-square chord of aileron balance 
01/51 balance ratio 



. Ii - twloa epan of BflndLspaa aofltol 

' alX won spttQ - ' ' 

S tvloe area of soDdapaa nodal ... 

L . - tvlca lift ol aonlapan ttodal 

S twloa drag on swlspazi nbdal 

M twLca pltdilng aGoaat of aonlapan nodal a'bcut avq^rt axla 

L' rolling nonant, due to allaron daflactlon^ aliont vlnd axla 
In plana of BgnsBtrf 

V Tovlne nonant, due to allaron jdafleotlon^ a1)oat vlnd axla 

In -plana of ajmetxy 

^ allaron nonant about hinge axla 

« «»i.l.^«r.«r.lr«t». (VSPV") «aco».t.df.r 
tlocJring 

Y free-stream veloolty 
a angle of attack 

5^ aileron deflection relative to vlng, poaltlve whan trailing 
edge la down 

lzA)oard flap deflectlcn relative to vlng^ poaltlve iilien 
trailing edge la dovn 

8f angle between otaord line of vlng.and lover aurface of outboard 
* flap 

rate of change of rolUng-naaant ooefflolant c ' with helix 
p angle pb/27 ^ 

p rate of roll 
p atlofc foroe 

A positive Talue of L * or ' oorrespoodB to aa Increase in lift 

of tbe aodsl. and a positive value of V or CL* oorresponds to a 
decrease in dra^ of tbe aodel. Twice the actual lift, drag, pitching 
aonent^area, and ^pan of the insdel vas used In the reduotion of the 
results beoaase tlie aodel reprosanted half of a oopplete vlng. Vbe 
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drag coefficient and the an^e of atteck bare l>e6n oozreoted nnly In 
accordance wltli the theorjr of trailing- vorteoc linages • Corresponding 
oorroatlans vere applied tq. th^.rolU^- andjawln^-^^ coefficients. 
ITo corrections have Iseen applied tb^the Mngo-maDSint coefficients, 
H qo corrections have been applied to aqj of the results for the 

^ effects of tlie support strut or the treatment of the Intoard end of the 

^ vlQg| that Is, the snail gap hetween the vlng and the irall, the leakage 

throu£|h the vail around the support tuhe, and the 'bmndaxj layer at the 
vail ^ It Is believed that the drag values are only ocmparatiTe and are 
not directly applicable to perf oznance. estimations • 

Lift Chdracterlstlcs . 

Contours of the locisitlon of outboard-f lap nose for waxliaim lift 
coefficient of the vlng vlth Inboard and outboard flaps deflected JQO 
and kO^, respectively, are shown In figure 3 . An increase of mazlmunL 
lift coefficient Is apparent as the flap Is moved back to the aileron 
axis . Vertical location of the flap had little effect on the waTlimim 
lift coefficient over the range of locations tested but would prob- 
ably have an Important effect in more rearward locations and vlth gaps 
of less than 0 •Okc, as Aown on figure of reference 3 • 

The chordvise location of the deflected outboax^-flap nose 
appears to have a greater effect on the pitchlng-momant coefficient - 
than upon the lift or drag coefficients. (See fig. ^(0) 0 %e 
results of tests vlth aileron neutral and vlth the outboard-flap nose 
2-, and 6-percent c belov the vlng contour at positions k and 5 
shoved very little effect of vertical location upon lift, drag, or 
plichlzig-moment coefficients. The results vlth only the large gaps 
are psresented. The angular setting of the extended outboard flap had 
a considerable effect upon all the characteristics, as shown in 
figure k(b) . 

The mTlTmiTO lift oooff iciants o1>talned vlth flaps neutral, vilb 
. i>artial-span slotted flap deflected and vlth duplex flaps deflec- 
ted ho vere 1.40, 2.2S, and respectively. !me values of 
Cj ^^ for the tluree flop condltlooa are expected to Increase as the 

Be^nolds number is Increased to full scale. The Increments of Cr 

due to the flaps may also chang^^ vlth scale because of a change in the 
location and progression of the stall. Beither the effect of scale nor 
of tbe tunnel boundaries upon the stall of the vlng vas Investigated. 

Aileron Characteristics 

Aileron vlth 0.333ga. ^aJ^cQ *" Wien the outboard flap vas 
retracted, the aileron vlth 0 .333^^ balance vas limited to deflections 
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cf '^lJi?B With thaafr ailercHi deflections, the mil imam ^coUlng- 
mGOteit ooefflAlaat uroB foimd to diqpend i^rltlcaUy upon the poaltlooi 
and def leotlon of the outboaxA flap,- aa ^om In f Igore ^ • A atady 
of tilie contours of figure 9' Indicates that, althou^^ there need he 
no .loaa In rolllog-iiiQi&eat coefficient vlth the flaps fully eoctended 
relative to the flap-retracted condition, a reduction of aileron 
eff eotlTenesa during extension of the oathoard flap appears to he 
Inevitable ■ She reduction need he no more than ahout a third of 
the flap-neutzal value, howerer. If the flap path la properly 
chosen • Obe rolling-, javlng-, and hinge-moment coefficients of 
the aileron vlth both flaps rotracted, vlth the InboGLrd flap fully 
deflected and the outboard flap retr^ted, and vlth the Iziboard 
flap ftiUy deflected and the outboard flap at several positions along 
a promising flap path are given In figure 6 . It Is believed that the 
fairing of the hinge-moment coefficient curves of figure 6 Is more 
nearly correct than polnt-to-point fairing becauae of the small 
clearanoea In the alleiron aystem and unavoidable friction. Bates of 
roll and stick forces based on these data vlU be presented later. 

Aileron vltfli O^kUSSo^ balance.- Tests cf the aileron vlth 
0 •kl^^o^ balance vere made primarily to deteznlne the effect of bal- 
ance upon the hlx^-mcment coecff Iclent . A conqparlson of tliese data 
(fig. 7) vl-Qi the data of figure 6(a) ehovs that -Qie reduction of 
dCjJ^^ vas the principal effect of the Increase of balance, eis vas 
to be expected. Vlth this balance It was anticipated that a deflec- 
tion range of ±12^ would be obtained but. throu^ on error In construc- 
tion, the range obtained vas from tcoA . it vas not considered 
vorth vtalle to alter the model, because the desired Inf omatlon may be 
obtained by aqnparlng the hinge moment of this alleixm vlth that of 
other ailerons over the same deflection range. 

Plalfi sealed aileron . -de characteristics of the plain sealed 
aileron on the vlng vlth flapa retracted are given In figure 6(a) 
and vlth the outboard flap in several positions but at a single angle 
of attack. In f lgn37e 6(b) t TSieae data provide a basis of ccng^arlson 
for the detezmlnatlon ^ the effectiveness of the inteznal balances 
and an extension of the rolling- and yavlng-mcmant coeff Iclenta to 
hle^ier allezxm deflections than vere poaslble vlth the Internal balances • 

Effect of balance upon bOiJba and hOjJd^ *" The aileron hlnge- 
moment slopes dC^i/da and ^jWdOa for the three amounts of balance 
teated axe conqpaa^ In f Igure 9.« The valuea of dC]b/d5a 6^^^ vere 
eatlmated for the aileron ranga^pf ^ to -^o at anglea of atteMsk of. 0^ 
and 13^, and the valuea of oCii/oa vere estimated for the a ranges 

of approximately -kP to and 9^ to 17^ vlth aileron neutral • It 
vlU be noticed that the numerical valuesof both desrlvatlves are 
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oonsldnabXj greater In the high ansLe~G(f-«tta(flc xwifle than. In the 

-hi ' 



Xstlinatea Batea of Boll and Stloik Foreea 

- Hie rates of roll aod tiie stl<dc' f oroes diurlng steady rolling 
for the airplane, shovn in flguM 2(b) have heen estimated fron the 
data of flgore €• (See fig. 10.) Ihe rates of roll vere estUoated 
>7 ineaxis of the relatloDShlp 

ph/OT - CiVCit (1) 
lAiere , the ooeff lolent of damping In roll, vaa taken as 0 -46 



front the data of reference Ulng twist has heen negLeoted# The 
-Btldk fooraes vere estimated from the relationship 

Is " * ^^Ch/Ol (2) 

vhlch aiB7 he derived front the aileron dlnmslons and the foUovlng 
airplane oharacteriatloa: 

Wing area, square feet ' S£o 

Span, feet • 38 

Taper ratio 1.67:1 

Airfoil sectlcQ HACA 23O series 

Mean aerodsnoamlo chord, inches 81^.14 

Velgjht, pounda 7063 

Wing loading, pounds per square, foot 27 -2 

Stidk length, feet 2 

Mozlmm atlok def lection, degrees ±21 

Mazlmm aileron deflection, degrees: 

0.333?^ halance ±lfr 

0 Al^S^ halance ±12 

The value of the conetant in equation (2) is dapendent upon the 
vlng loading, the size of the ailerons, and the travel of the ailerons 
relative to the stick. The values of C^* and. used in equar- 

tiODB (1) and (2) are. the values thought to exist during steady 
rolling; the dlfftorenoe in an^e of attack of the two ailerons due 
to rolling has heen taken into aooount. 

It vill he noticed in figure 10 that the variations of stick 
force and deflection are verjr nearly linear with rate of roll and that 
the Tnaxiimiin pb/SV availa3>le with flaps either aretracted or fully 
extended is greater than the wrlniimim of 0.07 required. (See reference k») 
The hie^^-speed stlok forces appear excessive, hovevar, and the aileron 
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eff eotlTeD0Ba drops off consldaanblj vltb tba outboexd flap In 
Intexnedlate poBltlcDS • Since the flap need t)e In Intexnedlate 
positions for only the short period during its extension or retrao* 
tion^ it is thou^t that a relatively lov eff eotiveness for these 
conditlGns vill he aooepteCble. 

If the iBBTliman aileron deflection is reduced to ±129 and the 
Internal halance is Increased to 0 •kl^Q^^ a large reduotlan of 
stick ftrcti aay he ohtained vith only a small loss of aileron 
eff ectlTsness • It was estliaated from the data of Clgure 9 that the 
innTlimnB atidc force vould he reduced tj more tiban ^ percent • Ihe 
ph/27 would he reduced hy only ahcmt 1? percent. (See fig. UO 

Besults of recant flie^t tests on a lig^t aixplane vith an out- 
hoaird flap and aileron arrangement somevhat similar to tibat of tiie 
pn^ent Inyestigaticn (reference vere in general agreement vith 
the results presented herein. 



OOBGCDSEJHS 



1* Tbder the cooaditlons of the present tests the 0«^-span 
slotted flap provided an Increment of 0.62 in maxlimnn lift coeffi- 
cient, end the O.to-span retractahle flaps over the aileron portion 
of the vlng provided an additional increment of maTlnnaD lift coeffi- 
cient of 0.22} that is, a total ixiorement of 1.04 was given hy the 
duplex-flap oooibinatlcn • 

2> Saflectlxag the flap over the aileron portion of the ving 
Induced the effectiveness of the aileron at inteimedlate positions 
of the flap hut not necessarily at the final position. 

3 • Xetimated rates of roll and stick forces indicated that 
the ving arrangement tested vould pxrovids satlsfactozy lateral control 
cm the assumed fighter aixplane . 
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Figure 1.- Schematic diagrsrm'of *.t^it :iiistfiJJatiori. 
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la) General layout of model. 
Figure: Z.- Tapered wing wJth duplex flops. 




(b) Portion of airplane simuloted 6/ W©/. 
Figure Z ConV^nued . 
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(c) Aileron details of model. 
Figure: Z , - Conclucfed . 
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O 4 ,6 /.2 1.6 25 2.4 

Lift coefficient^ 
(a^ Effect of chordwtsB /ocaf/on of ihe outboard f)a|D^ 
Figure 4^ -^Liff^ drag^ and p/tch mo- moment coefficients of the, tajbered- 
(cL,b) uz/nj modal with d^ib/ex f/qpf. 
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Lift coefficient J C^^ 
lb) Effect of ongc/ar siftiriQ of the owtbo-ard fkxp. 
Figure 4 — Lift, drag, ctn</ inteMia-monant coeff/c/ants of t/)e tapered 
uiinq model with duplex f/aps- 
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Po5ifion .1 




(b) \-eo'. 




/7se/A?e S.- Contours of outboard flap location for rolling- 
rnoment coefficient due to aileron deflections of * Z^". 
Tapered-wing model with duplex ficfis . Sf^-5C , oC= 14-". 
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Aileron defl&ction, dsg 



(a -h) F/^(yre6.- Ro///no— , yatj/n^-^ and hinQ^-m^m&rxf coafffci^fs of The, 



NACA 



Fiq. 6b 
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f\il<^ron deflection; de^. 
(b) InbOQrd /^/q/d, rf^ , JO"j outboard f /a /3^<^r^, re trQcted- 
are 6.- Cont/n t7«a.cl<. 
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"tB ^4 6" 4^ 

Ail&ron deflect lorijSti J dBQ. 
(c) /n6oc^rd fyaj>,^fi, JO'j outboard f/Q/b^^fijO** af /aos/f/on 2. oj/f/^ o.o4c gajs. 
Figure. 6.- Conf/nued. 
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h8 -4 o 4r 
Aileron def/ect/on,6y, deg 
(orj Inboard f/a/jjcfn^^d'j outboard r^/Q/D,iJK,30* at jbos/f/on 3 with O.06c ga^. 
F/^c/re 6.- Contmued 
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-20-/6-/2 -a o 4 a / 2 /e 20 

(^jyeron def/ectron^ d^, de^ 
^e) inboard f/a/D,(Sf^ ^ SO""; outboard fia/Djdf^, 40''at />os/f*on 4 u;if/i^0.06c gajb. 
F/^ure 6.— Cont/nued* 
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Aileron defiection,6^, deg 
(f) inboard f/q/3,c5f,^5*0"; oufibOQrd^cj;c^,4Cf Q.t position 5 uj\ih O.oSc gajb. 
Ff^uKG. 6.- Continued. 
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(g) /nboQrd f/Qjb. c$;^ J J0°-, outboard ffcip,£f^,40'' at fDosition 6 wifh O.06c ^ap. 
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At\eron deffectfojo, 6^, deg 
(b) fnbaard ffctl^,6f,, ^oPj 6ofhc^crd flc^p ,<£f^^4a' at /305/V/on 7 u/ith 0.06c go/D- 
F/jare.6.- Conc/uded 
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F /^ure 7.- RoJ / 1 i/atj;ng-j and h mge-nno me nt coefficient/ of the, 
ta^^red - u->)no mode/ u^ifh dup\<^}(. flaps cxnd O.A-IS Z:^)p<x\<xr\CO- 
aiK^ron ^ ftcxps retracted. 
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Fig- & a 




Aileron def /ect/onj6p; de^i 



(o] FlQ/os i^etrQCtecf, 



F/^ure^B.~ Po/Z/no-^ yauinq-, and /i/nQe-mornen/- coefr'/c *ent5 of fhG, 
C^/^ tafser^d-Lurh^ ^mode-'/ ai*th dc/jbmx f/ajbs and jb/ain pealed aileron. 




C!? ' ' > " 1 1 1 1 1 1 1 I > 1 I I ' I I I 

>^ --p^ -e --(^ o ^ & /2 /e ae? 



(b) \nbocxrd flcKp,6f^,5Cf^^an<^l(3oi att^c^Kffi,l3.^°. 
Fi^ure^e.' Concluded y 
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Figs. 9, 1 1 




FigureR.- Venation of 3Ch/3ic and ^^^ij^Sa with aileron balan.Csij 
talsered-w:ng mnode^ w.th du|jle;< flcx)35 natrtxctedi 
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Figure lO.- E"si"(mated ai l&ron-control characteristics of GLirjplane ulith 
tal^ered u)inQ, du{Dl3x fla(DS; and 0.33CeL bcxlance ailerons (inKe^d 
for deflect loin rcxnge of 
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